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cDNAs for cell wall-related enzymes, endo-l, 4-f3-g1ucanase, expansin, endoxyloglucan
transferase, endo-l,3-f3-g1ucanase, sucrose synthase and cellulose synthase (CelAl and
PcsA2) have been isolated froni the cDNA library of cotton fiber cells l). These enzymes
may have a function in cell wall loosening during cell elongation and as well as the massive
deposition of cellulose at the secondary wall synthesis. The endo-l, 4-f3-g1ucanase activity
hydrolyzes polysaccharides possessing a 1, 4-f3-g1ucan backbone and may be responsible for
solubilization ofxyloglucan in the plant cell waIl2 ). Expansins have been identified as wall-
loosening proteins that can promote long-term extension of cell walls3). The
endoxyloglucan transferase activity may modify xyloglucan cross-linkings between cellulose
microfibrils by internal cleavage and linkage ofthe newly generated ends to other xyloglucan
polymer ends4). A sucrose synthase may exist in a complex with cellulose synthases and
serve for channel carbon from sucrose via UDP-glucose to cellulose and/or callose5 ).
Cellulose synthase catalyzes the polymerization of glucose residues to form cellulose
microfibrils.
The levels of mRNAs for cell wall-relating enzymes (endo-l, 4-f3-g1ucanase, endo-l, 3-
f3-g1ucanase, endoxyloglucan transferase, sucrose synthase, expansin and cellulose synthase
pcsA16 ) and pcsA27)) were determined in both fibers and seedlings of cotton by reverse
transcription-PCR analysis. The amounts of first strand cDNA in the PCR reaction
mixture were corrected by the levels of amplified DNA for actin because the levels of actin
mRNA are constant during cell growth. The levels were estimated from the linear portion
of the amplifying curve. Each PCR reaction contained a certain amounts of first strand
cDNA equivalent to 16 to 75 ng of total RNA, derived from 2 to 75 fiber cells. This suggests
that the reverse transcription-PCR analysis of mRNA is a highly sensitive assay for small
amounts of differentiated cells (tissues) as well as low copy number RNA species8 ).
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Signals for endo-l, 4-f3-g1ucanase clearly appeared at 27 cycles of DNA amplification at
the stage of cell elongation (9 to 15 days post-anthesis) in fibers and at 32 cycles of DNA.
amplification at the elongating regions in seedlings. Signals for expansin were strong even
at 30 cycles during the primary wall synthesis (9 to 15 days post-anthesis) in fibers and
appeared at 32 cycles of DNA amplification at the elongated regions in seedlings. Signals
for endoxyloglucan transferase appeared to be just visualized at 15 cycles and showed
constant intensities during both the primary and secondary wall syntheses in fibers.
However, those were high at the elongating regions and decre~sed in the elongated regions in
seedlings. These findings suggest that the levels ofmRNAs for endo-l, 4-f3-g1ucanase were
always high during cell elongation in both fibers and seedlings and decreased gradually
when cell elongation ceased. The level of endoxyloglucan transferase mRNA was
decreased during seedling elongation. Expression pattern for expansin showed an opposite
tendency between fibers and_ seedlings. The phenomenon is correlated with earlier
obsetvation9) that the level of rice-EXP 2 mRNA is much lower in the elongating region of
internode than that in the elongated region.· The data suggest that the cottonexpansin
plays different roles between fibers and seedling. Signals for endo-l,3-f3-g1ucanase
appeared strong at 15 cycles at the secondary wall synthesis in fibers and also in the
elongated regions in seedlings, accompanying the massive deposition of cellulose. Signals
for sucrose synthase appeared at 30 cycles at all stages of cell growth in fibers. Since the
level was not increased during the secondary wall synthesis, the sucrose synthase may not be
a membrane-bound form which may be associated with cellulose synthase. Signals for
sucrose synthase also appeared at 40 cycles at the portion of the elongated regions in
seedlings. The generation of such an assimilate concentration gradient is probably
controlled· by the rate of sucrose utilization in sink tissues. Signals for pcsAl and pcsA2
appeared at 20 and 22 cycles in fibers during the secondary wall synthesis and at 25 and 22
cycles at the portion of the elongated regions in seedlings. This suggests that cellulose
synthase genes are highly expressed not only in developing fibers, but also iIi elongated
seedlings. There are slightly different levels of these mRNA in fibers and seedlings, i.e., the
level for pcsAl is higher than that for pcsA2 in fibers, whereas the level for pcsA2 is higher than
that for pcsAl in seedlings.
In conclusion, Endo-l, 4-f3-g1ucanase mRNA accumulated specifically in the elongating
cells, and much lower abundance in the elongated cells and changed at relatively low copy
numbers during cell growth. It is uncertain whether the level for endo-l, 4-f3-g1ucanase is
relatively low or its mRNA is unstable in fibers and seedlings during growth. Levels of
expansin mRNA showed opposite tendency between fibers and seedlings. Expansin may
have developmental functions in addition to promoting cell elongation. Endoxyloglucan
transferase mRNA level was constant at ail stages of growth in both fibers and seedlings:
This suggests that the gene for endoxyloglucan transferase is always expressed to maintain
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the cell wall reconstruction, which may be essential process in the cell growth and
development. An increase in the amount of cellulose occurred synchronously with the
expression for pcsAl and pcsA2 encoding cellulose synthase gene in both fibers and seedling.
Gene expression of pcsAl and pcsA2 may be controlled directly by the timing of cellulose
synthesis.
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